INTRODUCTION
============

Women with breast cancer have \> 2-fold higher risk of developing contralateral breast cancer (CBC) than women in the general population \[[@B1]\]. Because of the increasing rate of contralateral prophylactic mastectomy (CPM) and widespread use of adjuvant hormone therapies, the incidence of CBC has declined over the last decades \[[@B2][@B3]\]. However, approximately 5% of breast cancer patients develop CBC \[[@B4]\].

Several studies have reported the differences in characteristics and survival of unilateral breast cancer (UBC) and CBC patients, and CBC may be a distinct disease with unique biological behavior \[[@B5][@B6]\]. CBC is divided into synchronous contralateral breast cancer (sCBC), i.e., the first and second tumors develop simultaneously, and metachronous contralateral breast cancer (mCBC), wherein the second tumor develops later than the primary tumor \[[@B7]\]. A majority of studies reported various differences between sCBC and mCBC \[[@B6][@B7]\]. However, whether the development of sCBC or mCBC influenced patient prognosis remains unclear. Some studies suggested that sCBC patients had poor outcomes, whereas others indicated a similar survival in sCBC and mCBC patients \[[@B8][@B9][@B10]\]. In addition, the cutoff value of the interval time to differentiate sCBC from mCBC remains inconsistent \[[@B7][@B10][@B11]\].

In this study, we used the Surveillance, Epidemiology, and End Results (SEER) database to analyze the clinical, pathological, treatment-related characteristics, and outcomes of sCBC and mCBC and identify the prognostic factors for survival of these malignancies. The results will help in further understanding sCBC and mCBC and guide effective therapeutic strategies.

METHODS
=======

Data source
-----------

We collected data from 18 SEER cancer registries using the MP-SIR of SEER^\*^Stat software from the National Cancer Institute (<http://www.seer.cancer.gov/seerstat>; version 8.3.5), which currently covers 26% of the United States population.

We collected information on female patients with invasive breast cancer from the SEER database from January 1, 2000 to December 31, 2010. Our cohort recruited patients aged 18--88 years \[[@B12]\], and we excluded patients with 1) a cancer documented only in death certificates or autopsy reports, 2) other reportable tumor in the database, 3) unrecorded time of diagnosis in the database, 4) ipsilateral second breast cancer, and 5) lesions with unknown laterality or no laterality information. CBC was considered synchronous if the second cancer was diagnosed within 6 months after the first tumor was diagnosed or metachronous if the tumor was diagnosed after ≥ 6 months ([Figure 1](#F1){ref-type="fig"}) \[[@B1]\].

![Identification of sCBC and mCBC in the SEER-18 registry.\
sCBC = synchronous contralateral breast cancer; mCBC = metachronous contralateral breast cancer; SEER = Surveillance, Epidemiology, and End Results.](jbc-22-297-g001){#F1}

We also compared the following variables of sCBC and mCBC: age, race, tumor grade, tumor stage, estrogen receptor (ER), and progesterone receptor (PR) status, type of surgery, and type of radiotherapy. We analyzed age as a continuous or categorical variable (\< 40, 40--49, 50--59, 60--69, 70--79, and ≥ 80) \[[@B13]\]. Race was classified as non-Hispanic white, non-Hispanic black, non-Hispanic Asian/Pacific Islander, Hispanic, and others. Tumor grade was categorized into well-differentiated (grade I), moderately differentiated (grade II), poorly differentiated (grade III), and undifferentiated (grade IV). Tumor stage was categorized according to the SEER historic stage A criteria as follows: localized, regional, and distant. Tumor histology was categorized into infiltrating ductal carcinoma (IDC), infiltrating lobular carcinoma (ILC), mixed IDC/ILC, and others according to the International Classification of Disease for Oncology. T grade was divided into 6 categories (Tis, T0, T1, T2, T3, and T4); axillary nodal involvement was categorized into N0, N1, N2, and N3; and distant metastasis was categorized into M0 and M1. ER and PR statuses were recoded as "positive," "negative," or "borderline." Surgery was categorized into no surgery, lumpectomy, or mastectomy. Radiotherapy was divided into radiotherapy or no radiotherapy. Information on adjuvant hormone therapy and chemotherapy was not recorded in the SEER database.

Statistical analysis
--------------------

Statistical analyses were performed using SPSS version 18.0 (SPSS, Chicago, USA). Pathologic, demographic, and therapeutic factors of sCBC and mCBC were compared using chi-square tests. The continuous variable (age) was compared using *t*-test. The Kaplan-Meier method was used to determine overall survival (OS) and breast cancer-specific survival (BCSS) curves of sCBC and mCBC, and the log-rank test was used to estimate differences in survival. In addition, we stratified patients by age at initial diagnosis and separately analyzed the BCSS of the different subgroups. OS was measured from the date of initial diagnosis of breast cancer to the date of death from any cause or the date of last follow-up (December 31, 2015). Furthermore, BCSS was calculated from the date of diagnosis to the date of death from breast cancer. Additionally, Cox proportional hazards regression analysis was performed to identify factors that predicted the outcome of CBC. The regression models included the patients\' age and race, tumor grade, stage, histology, ER and PR status, radiation type, and surgery type of the 2 tumors. All statistical analyses were 2 sided, and *p* \< 0.05 was considered statistically significant.

RESULTS
=======

Patient characteristics
-----------------------

We identified 14,057 patients from the SEER 18 database. Overall, 8,139 (57.9%) patients had sCBC, and 5,918 (42.1%) patients had mCBC. The mean interval time of sCBC was 0.51 ± 0.91 months, and that of mCBCs was 45.62 ± 29.53 months. The characteristics of the first or second tumor of sCBC and mCBC were compared ([Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}).

###### Clinical characteristics of the first tumor of sCBC and mCBC

![](jbc-22-297-i001)

  Characteristics                       The first tumor of CBC   *p*-value                     
  ------------------------------------- ------------------------ -------------- -------------- ---------------
  Total                                 8,139 (57.9)             5,918 (42.1)   14,057 (100)   
  Age at initial diagnosis (yr)         61.7 ± 13.1              59.0 ± 13.6    \-             0.001
  Age group at initial diagnosis (yr)                                                          \< 0.001
                                        18--39                   281 (3.5)      458 (7.7)      739 (5.3)
                                        40--49                   1,370 (16.8)   1,151 (19.4)   2,521 (17.9)
                                        50--59                   2,042 (25.1)   1,457 (24.6)   3,499 (24.9)
                                        60--69                   1,999 (24.6)   1,333 (22.5)   3,332 (23.7)
                                        70--79                   1,587 (19.5)   1,131 (19.1)   2,718 (19.3)
                                        80--88                   860 (10.6)     388 (6.6)      1,248 (8.9)
  Race                                                                                         \< 0.001^\*^
                                        White                    6,290 (77.3)   4,139 (69.9)   10,429 (74.2)
                                        Asian/Pacific Islander   480 (5.9)      397 (6.7)      877 (6.2)
                                        Black                    709 (8.7)      810 (13.7)     1,519 (10.8)
                                        Hispanic                 603 (7.4)      559 (9.4)      1,162 (8.3)
                                        Other                    22 (0.3)       9 (0.2)        31 (0.2)
                                        Unknown                  35 (0.4)       4 (0.1)        39 (0.3)
  Histology type                                                                               \< 0.001
                                        IDC                      5,272 (64.8)   4,170 (70.5)   9,442 (67.2)
                                        ILC                      1,135 (13.9)   490 (8.3)      1,625 (11.6)
                                        Mixed IDC/ILC            1,005 (12.3)   541 (9.1)      1,546 (11.0)
                                        Other                    727 (8.9)      717 (12.1)     1,444 (10.3)
  Grade                                                                                        \< 0.001^\*^
                                        I                        1,734 (21.3)   1,045 (17.7)   2,779 (19.8)
                                        II                       3,435 (42.2)   2,137 (36.1)   5,572 (39.6)
                                        III                      2,102 (25.8)   2,099 (35.5)   4,201 (29.9)
                                        IV                       101 (1.2)      103 (1.7)      204 (1.5)
                                        Unknown                  767 (9.4)      534 (9.0)      1,301 (9.3)
  SEER stage A                                                                                 \< 0.001^\*^
                                        Localized                4,224 (51.9)   3,632 (61.4)   7,856 (55.9)
                                        Regional                 2,915 (35.8)   1,861 (31.4)   4,776 (34.0)
                                        Distant                  900 (11.1)     363 (6.1)      1,263 (9.0)
                                        Unknown                  100 (1.2)      62 (1.0)       162 (1.2)
  ER status                                                                                    \< 0.001^†^
                                        Positive                 6,316 (77.6)   3,575 (60.4)   9,891 (70.4)
                                        Negative                 1,018 (12.5)   1,494 (25.2)   2,512 (17.9)
                                        Borderline               7 (0.1)        11 (0.2)       18 (0.1)
                                        Unknown                  798 (9.8)      838 (14.2)     1,636 (11.6)
  PR status                                                                                    \< 0.001^†^
                                        Positive                 5,446 (66.9)   3,002 (50.7)   8,448 (60.1)
                                        Negative                 1,783 (21.9)   1,960 (33.1)   3,743 (26.6)
                                        Borderline               36 (0.4)       38 (0.6)       74 (0.5)
                                        Unknown                  874 (10.7)     918 (15.5)     1,792 (12.7)
  Breast-adjusted AJCC T                                                                       \< 0.001^\*^
                                        Tis                      5 (0.1)        8 (0.1)        13 (0.1)
                                        T0                       2 (0.0)        0 (0.0)        2 (0.0)
                                        T1                       3,742 (46.0)   3,284 (55.5)   7,026 (50.0)
                                        T2                       2,354 (28.9)   1,476 (24.9)   3,830 (27.2)
                                        T3                       493 (6.1)      330 (5.6)      823 (5.9)
                                        T4                       357 (4.4)      311 (5.3)      668 (4.8)
                                        Unknown                  1,186 (14.6)   509 (8.6)      1,695 (12.1)
  Breast-adjusted AJCC N                                                                       \< 0.001^\*^
                                        N0                       4,263 (52.4)   3,582 (60.5)   73,845 (55.8)
                                        N1                       2,026 (24.9)   1,215 (20.5)   3,241 (23.1)
                                        N2                       688 (8.5)      420 (7.1)      1,108 (7.9)
                                        N3                       545 (6.7)      338 (5.7)      883 (6.3)
                                        Unknown                  617 (7.6)      363 (6.1)      980 (7.0)
  Breast-adjusted AJCC M                                                                       \< 0.001^\*^
                                        M0                       7,260 (89.2)   5,658 (95.6)   12,918 (91.9)
                                        M1                       703 (8.6)      157 (2.7)      860 (6.1)
                                        Unknown                  176 (2.2)      103 (1.7)      279 (2.0)
  Surgery                                                                                      \< 0.001^\*^
                                        No surgery               820 (10.1)     222 (3.8)      1,042 (7.4)
                                        Lumpectomy               2,088 (25.7)   3,198 (54.0)   5,286 (37.6)
                                        Mastectomy               5,205 (64.0)   2,482 (41.9)   7,687 (54.7)
                                        Unknown                  26 (0.3)       16 (0.3)       42 (0.3)
  Radiotherapy                                                                                 \< 0.001^\*^
                                        Yes                      2,623 (32.2)   3,143 (53.1)   5,766 (41.0)
                                        No                       5,269 (64.7)   2,577 (43.5)   7,846 (55.8)
                                        Unknown                  247 (3.0)      198 (3.3)      445 (3.2)

Data are shown as mean ± standard deviation or number (%).

The *p* \< 0.05 was considered statistically significant.

sCBC = synchronous contralateral breast cancer; mCBC = metachronous contralateral breast cancer; CBC = contralateral breast cancer; IDC = infiltrating ductal carcinoma; ILC = infiltrating lobular carcinoma; SEER = Surveillance, Epidemiology, and End Results; AJCC = American Joint Committee on Cancer; ER = estrogen receptor; PR = progesterone receptor.

^\*^Calculated after exclusion of patients with the unknown groups; ^†^Calculated after exclusion of patients with the unknown or borderline ER/PR status.

###### Clinical characteristics of the second tumor of sCBC and mCBC
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  Characteristics          The second tumor of CBC   *p*-value                     
  ------------------------ ------------------------- -------------- -------------- ---------------
  Histology type                                                                   \< 0.001
                           IDC                       5,116 (62.9)   4,140 (70.0)   9,256 (65.8)
                           ILC                       1,206 (14.8)   592 (10.0)     1,798 (12.8)
                           Mixed IDC/ILC             876 (10.8)     419 (7.1)      1,295 (9.2)
                           Other                     941 (11.6)     767 (13.0)     1,708 (12.2)
  Grade                                                                            \< 0.001^\*^
                           I                         2,277 (28.0)   1,098 (18.6)   3,375 (24.0)
                           II                        3,243 (39.8)   2,025 (34.2)   5,268 (37.5)
                           III                       1,456 (17.9)   2,039 (34.5)   3,495 (24.9)
                           IV                        77 (0.9)       98 (1.7)       175 (1.2)
                           Unknown                   1,086 (13.3)   658 (11.1)     1,744 (12.4)
  SEER stage A                                                                     \< 0.001^\*^
                           Localized                 5,548 (68.2)   3,823 (64.6)   9,371 (66.7)
                           Regional                  1,717 (21.1)   1,405 (23.7)   3,122 (22.2)
                           Distant                   693 (8.5)      518 (8.8)      1,211 (8.6)
                           *In situ*                 35 (0.4)       54 (0.9)       89 (0.6)
                           Unknown                   146 (1.8)      118 (2.0)      264 (1.9)
  ER status                                                                        \< 0.001^†^
                           Positive                  6,050 (74.3)   3,580 (60.5)   9,630 (68.5)
                           Negative                  767 (9.4)      1,594 (26.9)   2,361 (16.8)
                           Borderline                7 (0.1)        16 (0.3)       23 (0.2)
                           Unknown                   1,315 (16.2)   728 (12.3)     2,043 (14.5)
  PR status                                                                        \< 0.001^†^
                           Positive                  5,186 (63.7)   2,606 (44.0)   7,792 (55.4)
                           Negative                  1,520 (18.7)   2,467 (41.7)   3,987 (28.4)
                           Borderline                41 (0.5)       45 (0.8)       86 (0.6)
                           Unknown                   1,392 (17.1)   800 (13.5)     2,192 (15.6)
  Breast-adjusted AJCC T                                                           \< 0.001^\*^
                           Tis                       50 (0.1)       66 (1.1)       116 (0.8)
                           T0                        9 (0.1)        27 (0.5)       36 (0.3)
                           T1                        5,046 (62.0)   3,575 (60.4)   8,621 (61.3)
                           T2                        1,351 (16.6)   1,021 (17.3)   2,372 (16.9)
                           T3                        251 (3.1)      182 (3.1)      433 (3.1)
                           T4                        152 (1.9)      203 (3.4)      355 (2.5)
                           Unknown                   1,280 (15.7)   844 (14.3)     2,124 (15.1)
  Breast-adjusted AJCC N                                                           \< 0.001^\*^
                           N0                        5,445 (66.9)   3,834 (64.8)   9,279 (66.0)
                           N1                        1,300 (16.0)   896 (15.1)     2,196 (15.6)
                           N2                        325 (4.0)      327 (5.5)      652 (4.6)
                           N3                        257 (3.2)      318 (5.4)      575 (4.1)
                           Unknown                   812 (10.0)     543 (9.2)      1,355 (9.6)
  Breast-adjusted AJCC M                                                           \< 0.001^\*^
                           M0                        7,333 (90.1)   5,366 (90.7)   12,699 (90.3)
                           M1                        604 (7.4)      341 (5.8)      945 (6.7)
                           Unknown                   202 (2.5)      211 (3.6)      413 (2.9)
  Surgery                                                                          \< 0.001^\*^
                           No surgery                854 (10.5)     524 (8.9)      1,378 (9.8)
                           Lumpectomy                2,180 (26.8)   2,408 (40.7)   4,588 (32.6)
                           Mastectomy                5,073 (62.3)   2,968 (50.2)   8,041 (57.2)
                           Unknown                   32 (0.4)       18 (0.3)       50 (0.4)
  Radiotherapy                                                                     \< 0.001^\*^
                           Yes                       2,123 (26.1)   1,875 (31.7)   3,998 (28.4)
                           No                        5,761 (70.8)   3,880 (65.6)   9,641 (68.6)
                           Unknown                   255 (3.1)      1,633 (2.8)    418 (3.0)

Values are presented as number (%).

The *p* \< 0.05 was considered statistically significant.

sCBC = synchronous contralateral breast cancer; mCBC = metachronous contralateral breast cancer; CBC = contralateral breast cancer; IDC = infiltrating ductal carcinoma; ILC = infiltrating lobular carcinoma; SEER = Surveillance, Epidemiology, and End Results; AJCC = American Joint Committee on Cancer; ER = estrogen receptor; PR = progesterone receptor.

^\*^Calculated after exclusion of patients with the unknown groups; ^†^Calculated after exclusion of patients with the unknown or borderline ER/PR status.

The average ages of sCBC and mCBC patients were 61.7 ± 13.1 and 59.0 ± 13.6 years, respectively. The mCBC patients were younger than sCBC patients at initial diagnosis. The first tumors of mCBCs were more likely to be poorly differentiated and were more often IDC (70.5% vs. 64.8%) instead of ILC (8.3% vs. 13.9%) or mixed IDC/ILC (9.1% vs. 12.3%) compared with first tumors of sCBCs. The proportion of ER-negative first tumor was higher among mCBCs at 25.2% than among sCBCs at 12.5%. A similar pattern in PR status was also noted (negative PR: 33.1% in mCBC vs. 21.9% in sCBC). Meanwhile, mCBC patients tended to have less axillary nodal involvement (N0: 60.5% in mCBC vs. 52.4% in sCBC) and less distant metastasis (M0: 95.6% vs. 89.2%). The rates of lumpectomy and radiotherapy were higher in patients who subsequently developed mCBC at 54.0% (vs. 25.7% in sCBC) and 53.1% (vs. 32.2% in sCBC), respectively. We also compared the difference in pathological and treatment-related features of the second tumor of sCBC and mCBC. The results showed that the proportion of IDC (70.0% vs. 62.9%), grade III (34.5% vs. 17.9%) or IV (1.7% vs. 0.9%), ER negativity (26.9% vs. 9.4%), and PR negativity (41.7% vs. 18.7%) was higher in the second tumor of mCBC than in that of sCBC. We also found a considerably higher rate of lumpectomy (40.7% vs. 26.8%) and radiotherapy (31.7% vs. 26.1%) for the second tumor of mCBC than for that of sCBC ([Table 2](#T2){ref-type="table"}).

Survival outcomes of sCBC and mCBC
----------------------------------

The median follow-up time was 86.2 months. Kaplan-Meier analysis demonstrated considerable difference in BCSS and OS rates between the 2 groups ([Figure 2](#F2){ref-type="fig"}). Patients who developed sCBC had a worse OS than those who developed mCBC (5-year OS rates: 72% and 80%, respectively; 10-year OS rates: 55% and 62%, respectively). In addition, mCBC patients had a significantly favorable 5-year BCSS than sCBC patients, but they also had a worse long-term BCSS (5-year BCSS rates: 80% and 84% respectively; 10-year BCSS rates: 72% and 71%, respectively).

![BCSS and OS curves of sCBC and mCBC. (A) Kaplan-Meier curves for BCSS of sCBC and mCBC. (B) Kaplan-Meier curves for OS of sCBC and mCBC.\
The *p* \< 0.05 was considered statistically significant.\
BCSS = breast cancer-specific survival; OS = overall survival; sCBC = synchronous contralateral breast cancer; mCBC = metachronous contralateral breast cancer.](jbc-22-297-g002){#F2}

Subgroup analysis of BCSS based on different ages
-------------------------------------------------

The Kaplan-Meier method and log-rank test were used to analyze BCSS of patients with respect to age. When stratified by age at initial diagnosis, there was no substantial difference in BCSS rates between the two groups among patients aged 18--39, 40--49, 50--59, and 60--69 years ([Figure 3](#F3){ref-type="fig"}); however, mCBC patients aged 70--88 years had better BCSS rates than sCBC patients ([Figure 3](#F3){ref-type="fig"}). Furthermore, CBC patients who were younger than 40 years had poorer outcomes than those of other ages ([Figure 4](#F4){ref-type="fig"}). Interestingly, patients aged 70--88 years who developed sCBC showed an adverse BCSS; however, such phenomenon was not detected in mCBC patients in the same age group ([Figure 4](#F4){ref-type="fig"}). Because of the disparity in BCSS, we compared the characteristics of sCBC and mCBC patients who were older than 70 years and found that both first and second tumors of mCBC had advantages in clinicopathological characteristics ([Supplementary Tables 1](#S1){ref-type="supplementary-material"} and [2](#S2){ref-type="supplementary-material"}).

![Kaplan-Meier survival curves of sCBC and mCBC patients grouped by age between 2000 and 2010. (A) 18--39 age group; (B) 40--49 age group; (C) 50--59 age group; (D) 60--69 age group; (E) 70--79 age group; and (F) 80--88 age group.\
The *p* \< 0.05 was considered statistically significant.\
BCSS = breast cancer-specific survival; sCBC = synchronous contralateral breast cancer; mCBC = metachronous contralateral breast cancer.](jbc-22-297-g003){#F3}

![Survival curves of sCBC and mCBC patients of different age groups between 2000 and 2010. (A) Kaplan-Meier curves for BCSS of different age groups in sCBC patients. (B) Kaplan-Meier curves for BCSS of different age groups in mCBC patients.\
The *p* \< 0.05 was considered statistically significant.\
BCSS = breast cancer-specific survival; sCBC = synchronous contralateral breast cancer; mCBC = metachronous contralateral breast cancer.](jbc-22-297-g004){#F4}

Predictive factors for poor outcomes of CBC
-------------------------------------------

We further analyzed the predictive factors for outcomes of sCBC and mCBC patients ([Table 3](#T3){ref-type="table"}). For sCBC patients, the multivariate Cox proportional model identified the following independent prognostic factors for BCSS: age at diagnosis (*p* \< 0.001), race (*p* \< 0.001), grade (*p* \< 0.001), and stage (*p* \< 0.001) of first tumor, grade (*p* = 0.023) and stage (*p* \< 0.001) of second tumor, ER status of second tumor (*p* = 0.005), and surgery for second tumor (*p* = 0.019). After adjusting for other characteristics, mCBC patients with older age (*p* = 0.001), first tumor classified as ILC (*p* = 0.019) or mixed IDC/ILC (*p* = 0.047), adverse grade (*p* \< 0.001) and poorer differentiated stage (*p* \< 0.001) of 2 tumors, surgery for 2 tumors (*p* \< 0.001), mixed IDC/ILC (*p* = 0.006), ER negativity (*p* \< 0.001) or PR negativity (*p* = 0.012) of the second tumor, and radiotherapy for the second tumor (*p* = 0.002) were significantly correlated with poor BCSS.

###### Multivariable Cox proportional hazards analysis of BCSS of patients with CBC
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  Characteristics                 sCBC                     mCBC                                                                 
  ------------------------------- ------------------------ ----------- ---------------- ---------- ----------- ---------------- ----------
  Age at first diagnosis (yr)                                          \< 0.001                                0.001            
                                  18--39                   Reference   Reference                   Reference   Reference        
                                  40--49                   0.718       (0.522--0.989)   0.043      0.995       (0.778--1.273)   0.969
                                  50--59                   0.794       (0.582--1.084)   0.146      0.944       (0.734--1.214)   0.655
                                  60--69                   0.817       (0.640--1.199)   0.407      1.043       (0.799--1.361)   0.757
                                  70--79                   1.140       (0.834--1.558)   0.411      1.312       (0.990--1.739)   0.059
                                  80--88                   2.016       (1.436--2.831)   \< 0.001   1.937       (1.316--2.850)   0.001
  Race                                                                 \< 0.001                                0.071            
                                  White                    Reference   Reference                   Reference   Reference        
                                  Asian/Pacific Islander   1.112       (0.819--1.510)   0.496      0.868       (0.641--1.174)   0.358
                                  Black                    1.533       (1.265--1.857)   \< 0.001   1.284       (1.060--1.557)   0.011
                                  Hispanic                 0.817       (0.115--5.823)   0.840      1.237       (0.172--8.878)   0.833
                                  Other                    0.908       (0.700--1.179)   0.469      0.937       (0.780--1.258)   0.937
  Histology type (first tumor)                                         0.523                                   0.034            
                                  IDC                      Reference   Reference                   Reference   Reference        
                                  ILC                      1.168       (0.922--1.480)   0.198      1.398       (1.056--1.851)   0.019
                                  Mixed IDC/ILC            0.958       (0.760--1.207)   0.714      1.301       (1.003--1.687)   0.047
                                  Other                    1.060       (0.817--1.376)   0.659      1.135       (0.897--1.434)   0.291
  Grade (first tumor)                                                  \< 0.001                                \< 0.001         
                                  I                        Reference   Reference                   Reference   Reference        
                                  II                       1.465       (1.141--1.881)   0.003      1.361       (1.045--1.772)   0.022
                                  III                      2.420       (1.852--3.162)   \< 0.001   1.815       (1.380--2.388)   \< 0.001
                                  IV                       3.406       (2.064--5.620)   \< 0.001   0.927       (0.472--1.823)   0.827
  SEER stage (first tumor)                                             \< 0.001                                \< 0.001         
                                  Localized                Reference   Reference                   Reference   Reference        
                                  Regional                 2.745       (2.294--3.285)   \< 0.001   1.878       (1.594--2.214)   \< 0.001
                                  Distant                  5.785       (4.303--7.778)   \< 0.001   3.964       (3.063--5.130)   \< 0.001
  ER status (first tumor)                                              0.068                                   0.194            
                                  Positive                 Reference   Reference                   Reference   Reference        
                                  Negative                 1.255       (0.983--1.604)   0.068      0.858       (0.682--1.081)   0.194
  PR status (first tumor)                                              0.109                                   0.491            
                                  Positive                 Reference   Reference                   Reference   Reference        
                                  Negative                 1.187       (0.962--1.465)   0.109      1.078       (0.870--1.336)   0.491
  Surgery (first tumor)                                                0.108                                   \< 0.001         
                                  No surgery               Reference   Reference                   Reference   Reference        
                                  Lumpectomy               0.609       (0.378--0.981)   0.041      0.497       (0.337--0.735)   \< 0.001
                                  Mastectomy               0.758       (0.483--1.189)   0.228      0.698       (0.482--1.012)   0.058
  Radiotherapy (first tumor)                                                                                                    
                                  Yes                      Reference   Reference                   Reference   Reference        
                                  No                       1.015       (0.840--1.227)   0.874      0.912       (0.774--1.075)   0.912
  Histology type (second tumor)                                        0.486                                   0.034            
                                  IDC                      Reference   Reference                   Reference   Reference        
                                  ILC                      0.981       (0.771--1.247)   0.873      1.191       (0.910--1.558)   0.204
                                  Mixed IDC/ILC            1.188       (0.946--1.493)   0.139      1.480       (1.121--1.952)   0.006
                                  Other                    1.030       (0.798--1.329)   0.823      1.117       (0.874--1.427)   0.378
  Grade (second tumor)                                                 0.023                                   \< 0.001         
                                  I                        Reference   Reference                   Reference   Reference        
                                  II                       1.322       (1.092--1.600)   0.004      1.444       (1.092--1.909)   0.010
                                  III                      1.329       (1.058--1.670)   0.014      2.048       (1.535--2.733)   \< 0.001
                                  IV                       1.030       (0.574--1.846)   0.922      2.829       (1.586--5.047)   \< 0.001
  SEER stage (second tumor)                                            \< 0.001                                \< 0.001         
                                  Localized                Reference   Reference                   Reference   Reference        
                                  Regional                 1.400       (1.180--1.662)   \< 0.001   2.432       (2.051--2.882)   \< 0.001
                                  Distant                  2.486       (1.878--3.290)   \< 0.001   6.669       (5.406--8.227)   \< 0.001
                                  *In situ*                0.508       (0.070--3.693)   0.504      0.871       (0.210--3.605)   0.849
  ER status (second tumor)                                             0.005                                   \< 0.001         
                                  Positive                 Reference   Reference                   Reference   Reference        
                                  Negative                 1.440       (1.114--1.861)   0.005      1.425       (1.171--1.735)   \< 0.001
  PR status (second tumor)                                             0.190                                   0.012            
                                  Positive                 Reference   Reference                   Reference   Reference        
                                  Negative                 1.148       (0.934--1.411)   0.192      1.279       (1.056--1.548)   0.012
  Surgery (second tumor)                                               0.019                                   \< 0.001         
                                  No surgery               Reference   Reference                   Reference   Reference        
                                  Lumpectomy               0.642       (0.409--1.009)   0.055      0.568       (0.438--0.737)   \< 0.001
                                  Mastectomy               0.535       (0.346--0.829)   0.005      0.509       (0.405--0.639)   \< 0.001
  Radiotherapy (second tumor)                                                                                                   
                                  Yes                      Reference   Reference                   Reference   Reference        
                                  No                       0.953       (0.778--1.167)   0.640      1.308       (1.101--1.553)   0.002

The *p* \< 0.05 was considered statistically significant.

BCSS = breast cancer-specific survival; CBC = contralateral breast cancer; sCBC = synchronous contralateral breast cancer; mCBC = metachronous contralateral breast cancer; IDC = infiltrating ductal carcinoma; ILC = infiltrating lobular carcinoma; SEER = Surveillance, Epidemiology, and End Results; HR = hazard ratio; CI = confidence interval; ER = estrogen receptor; PR = progesterone receptor.

DISCUSSION
==========

Using the SEER database, we compared the clinical and pathological characteristics of sCBC and mCBC patients. We used 6 months as the interval time to divide CBC into sCBC or mCBC; this cutoff was previously used in other studies \[[@B7][@B10]\]. However, there is no consensus on the definite cutoff time for differentiating sCBC from mCBC. Several studies used a shorter cutoff time to distinguish between sCBC and mCBC \[[@B11][@B14]\], and others chose longer cutoffs such as 12 months or 5 years \[[@B10]\].

Of 14,057 patients, 8,139 (57.9%) and 5,918 (42.1%) patients were diagnosed with sCBC and mCBC, respectively, between 2000 and 2010. A previous study reported that the incidence rate of mCBC was higher than that of sCBC \[[@B15]\]. However, in our study, the incidence of sCBC was higher than that of mCBC. There may be several explanations for this discrepancy. First, the cutoff interval time in our study was 6 months rather than 3 months, which may have influenced the proportion of patients classified as sCBC. Hartman et al. \[[@B13]\] indicated that the incidence of mCBC did not significantly decrease after ≥ 20 years. Another study conducted in Spain and including 120 cases of bilateral breast cancer revealed that approximately 40% of CBC patients were diagnosed with mCBC 10 years after the initial diagnosis \[[@B15]\]. Our study may not have included all mCBC patients owing to the short follow-up. Since the 1980s, the incidence rate of second primary tumor has decreased \[[@B2]\], possibly because of the increasing use of chemotherapy, hormonal therapy, and CPM \[[@B15]\]. Our results suggested that effective treatment substantially decreases the rate of mCBC but not of sCBC.

Pestalozzi et al. \[[@B16]\] reported incidences of ILC and IDC at 6.2% and 70.5%, respectively, among 13,220 patients with breast cancer from the IBCSG trial I between 1978 and 2002. Another study of 135,157 patients with invasive breast cancer from the SEER database from 1992 to 2001 reported rates of 76%, 8%, and 7% for IDC, ILC, and mixed IDC/ILC, respectively \[[@B17]\]. Our results suggested that the number of patients presenting with ILC was higher in CBC patients than in UBC patients, which is similar to that reported in several previous studies \[[@B18][@B19]\] . Moreover, our study indicated that more first tumors of sCBC were ILC or mixed IDC/ILC, which was consistent with the results of Díaz et al. \[[@B15]\]. In summary, ILC patients should be assessed for symptoms of CBC more frequently within the first 6 months of diagnosis.

A study from the SEER database that enrolled 328,870 female patients with invasive breast cancer showed that 76.1% of these patients were ER positive and 65.6% were PR positive between 2001 and 2010 \[[@B20]\]. This was higher than the proportion of ER- or PR-positive first tumors of CBC in our study. We also found that the number of patients with an ER-negative first cancer was higher among mCBC patients than among sCBC patients. This may be because ER-positive/PR-positive tumors are more likely to be treated with endocrine therapy, which significantly reduces the risk of developing CBC \[[@B21][@B22]\], particularly mCBC. In addition, our study indicated that the proportion of younger patients in the mCBC cohort was higher than that in the sCBC cohort, possibly resulting in a higher rate of patients who developed an ER-negative first tumor \[[@B23]\].

Several studies reported that sCBC was associated with poorer survival than mCBC \[[@B9][@B24][@B25][@B26]\]. However, Chen et al. \[[@B8]\] found that the time interval for differentiating sCBC from mCBC did not correlate with outcomes. In contrast, a study reported opposite results \[[@B27]\]. In our study, we found a significant early advantage in BCSS for the mCBC cohort; however, BCSS worsened starting from 8 years after initial diagnosis, possibly because of the adverse TNM stage of the first tumor of sCBC and worse characteristics of the second tumor of mCBCs. However, such patterns were not detected in terms of OS, which may be because of the higher number of elderly patients with sCBC who were more likely to develop geriatric conditions \[[@B13]\].

We compared BCSS among different age groups to investigate the association between age at initial diagnosis and prognosis. Interestingly, the subgroup analysis revealed that older patients (age \>70 years) with mCBCs had longer BCSS than those with sCBCs. However, the same phenomenon was not observed in patients aged 18--69 years, and this may be because of the advantageous characteristics of both tumors of mCBCs among old patients. These results indicate that old age is not an unfavorable factor for survival of mCBC patients. We also found that young age (\< 40 years) was associated with worse outcomes than other ages in both mCBC and sCBC patients. An alternative explanation is that young women diagnosed with CBC had more aggressive tumor characteristics, shorter interval time, and genetic predisposition \[[@B26][@B28]\].

Different clinical features and outcomes were observed in mCBC and sCBC patients; however, only few studies focused on the poor prognostic indicators for survival of CBC patients. A study from Ireland that included 2,524 patients with breast cancer suggested that ER and PR positivity, lymph node negativity, and radiotherapy for the second primary tumor were important beneficial factors \[[@B24]\]. Another study showed that mCBC patients with lower stage, no lymph node involvement, ER positivity, and lower tumor grade had favorable OS \[[@B15]\].

Our results indicated that adverse grade and stage were poor prognostic indicators for BCSS of both sCBC and mCBC. In addition, age \> 80 or \< 50 years was associated with poor BCSS in mCBC patients. The first tumor classified as ILC or mixed IDC/ILC was an independent factor of poor prognosis for mCBC patients. To our knowledge, no study has reported a similar finding. Ibrahim et al. \[[@B9]\] found that hormone receptor-negative first tumor was a risk factor for poor prognosis. Our study showed that hormone receptor-negative second tumor was also an independent prognostic factor for BCSS. Unexpectedly, radiotherapy for the first tumor was not associated with favorable BCSS for CBC patients. A study from Japan indicated that CBC patients with short time interval (\< 5 years) who were treated with adjuvant radiotherapy tended to have a more aggressive second cancer \[[@B29]\], which may explain why radiotherapy for the first tumor was not an independent favorable factor for sCBCs. In addition, mCBC patients who received radiotherapy for the second tumor had an advantage over those who did not receive radiotherapy in terms of BCSS; however, the percentage of patients who received radiotherapy for the second tumor was lower in the mCBC group than in the sCBC group. Therefore, secondary radiotherapy may be favorable for the survival of mCBC patients.

This large retrospective study with a relatively long follow-up period provides evidence on the differences in clinicopathological features and prognosis between sCBC and mCBC. Moreover, our study included the largest cohort to determine the prognostic factors for BCSS of sCBC and mCBC. Patients with ipsilateral second breast cancer were excluded because it was difficult to distinguish a new primary tumor from localized recurrent lesion. In addition, we excluded patients with other reported tumors in the database to avoid a survival bias. This study had several limitations. First, this was a retrospective study that may have included biases. Second, information about chemotherapy or endocrine therapy was not recorded in the SEER database, which may have influenced the outcomes. Third, the human epidermal growth factor receptor 2 status was not included in the SEER database until 2010.

In this study, the first tumors of sCBC tended to have higher stage and more lymph and distant metastases, whereas those of mCBC were more often poorly differentiated, ER-negative and PR-negative, and had less axillary nodal involvement. Moreover, second tumors of mCBC were more often IDC; grade III or IV; and had adverse stage, ER and PR negativity, and more axillary nodal involvement; in contrast, second tumors of sCBC were more likely to have lower grade, localized stage, ER/PR positivity, and no lymph and distant metastasis. BCSS curves showed better BCSS for mCBC in the early follow-up, but a worse outcome later. Furthermore, BCSS rates were not significantly different between sCBC and mCBC patients aged 18--69 years. The features of CBCs, such as adverse grade and late stage of two tumors, no surgery and radiotherapy, and ER or PR negativity of the second tumor, were associated with worse prognosis. Future research should focus on investigating biomarkers for predicting CBC and promoting more effective therapeutic modalities.
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